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1.

1.

I nt roducti on

[ DSTE-REQ presents the Service Provider requirements for support of
Differentiated-Service (D ffserv)-aware MPLS Traffic Engi neering
(DS-TE). This includes the fundanental requirenment to be able to
enforce different bandwi dth constraints for different classes of
traffic.

Thi s docunent specifies the |1 GP and RSVP-TE signaling extensions
(beyond those al ready specified for existing MPLS Traffic Engi neering
[CSPF-TE] [I SI S-TE] [ RSVP-TE]) for support of the DS-TE requirenents
spelled out in [DSTE-REQ including environments relying on

di stributed Constraint-Based Routing (e.g., path conputation

i nvol ving head-end Label Swi tching Routers).

[ DSTE- REQ provides a definition and exanpl es of Bandw dth
Constraints nodels. The present docunent does not specify nor assune
a particular Bandwi dth Constraints nodel. Specific Bandw dth
Constraints nodel s are outside the scope of this docunent. Although
the extensions for DS-TE specified in this docunment may not be
sufficient to support all the concei vabl e Bandwi dth Constraints

nodel s, they do support the Russian Dolls Mdel specified in

[ DSTE-RDM, the Maxi mum Al | ocati on Model specified in [ DSTE-MAM, and
the Maxi mum Al l ocation with Reservation Mdel specified in

[ DSTE- MAR] .

There may be differences between the quality of service expressed and
obtained with Diffserv without DS-TE and with DS-TE. Because DS-TE
uses Constraint-Based Routing, and because of the type of admi ssion
control capabilities it adds to Diffserv, DS-TE has capabilities for
traffic that Diffserv does not: Diffserv does not indicate
preenption, by intent, whereas DS-TE describes multiple | evels of
preenption for its C ass-Types. Also, Diffserv does not support any
means of explicitly controlling overbooking, while DS-TE allows this.
When considering a conplete quality of service environment, with
Diffserv routers and DS-TE, it is inportant to consider these

di fferences carefully.

1. Specification of Requirenents
The key words "MJST", "MJST NOT*, "REQU RED', "SHALL", "SHALL NOT",

"SHOULD', "SHOULD NOT", "RECOMMENDED', "MAY", and "OPTIONAL" in this
docunent are to be interpreted as described in [ RFC2119].
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3. Definitions

For readability, a nunber of definitions from][DSTE-RE(Q are repeated
her e:

Traffic Trunk: an aggregation of traffic flows of the same cl ass
(i.e., treated equivalently fromthe DS-TE
perspective), which is placed inside a Label
Switched Path (LSP).

Cl ass-Type (CT): the set of Traffic Trunks crossing a link that is
governed by a specific set of bandw dth constraints.
CT is used for the purposes of |ink bandw dth
al | ocati on, constraint-based routing and adni ssion

control. A given Traffic Trunk belongs to the same
CT on all 1inks.
TE- C ass: A pair of:

i. a Oass-Type

ii. a preenption priority allowed for that d ass-
Type. This nmeans that an LSP transporting a Traffic
Trunk fromthat C ass-Type can use that preenption
priority as the setup priority, the hol ding
priority, or both.

Definitions for a number of MPLS terns are not repeated here. They
can be found in [ MPLS- ARCH] .

4. Configurable Paraneters
This section only discusses the differences with the configurable
paraneters supported for MPLS Traffic Engineering as per [TE-REQ,
[1SIS-TE], [OSPF-TE], and [RSVP-TE]. All other paraneters are
unchanged.

4.1. Link Parameters

4.1.1. Bandwi dth Constraints (BCs)

[ DSTE-REQ] states that "Regardl ess of the Bandwi dth Constraints
Model , the DS-TE sol ution MJUST all ow support for up to 8 BCs."

For DS-TE, the existing "Muxi mum Reservabl e |ink bandw dth" paraneter
is retained, but its semantics is generalized and interpreted as the
aggregat e bandwi dth constraint across all O ass-Types, so that,

i ndependently of the Bandwi dth Constraints Mdel in use:
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SUM (Reserved (CTc)) <= Max Reservabl e Bandwi dt h,
where the SUMis across all values of "c" in the range 0 <= ¢ <= 7.

Additionally, on every link, a DS-TE inplenentati on MJIST provi de for
configuration of up to 8 additional |ink parameters which are the

ei ght potential BCs, i.e., BCO, BCl, ... BC7. The LSR MJST interpret
these BCs in accordance with the supported Bandw dth Constraints
Model (i.e., what BC applies to what C ass-Type, and how).

Where the Bandwi dth Constraints Mdel inposes sonme relationship anong
the values to be configured for these BCs, the LSR MJST enforce those
at configuration tine. For exanple, when the Russian Dolls Bandw dth
Constraints Mbdel ([DSTE-RDM) is used, the LSR MJST ensure that BC
is configured smaller than or equal to BC, where i is greater than
j, and ensure that BCO is equal to the Maxi num Reservabl e Bandwi dt h.
As anot her exanpl e, when the Maximum Al |l ocati on Mddel ([DSTE-MAM) is
used, the LSR MJST ensure that all BC are configured smaller or

equal to the Maxi num Reservabl e Bandw dt h.

4.1.2. Overbooking

DS- TE enabl es a network administrator to apply different overbooking
(or underbooking) ratios for different CTs.

The principal nethods to achieve this are the sane as those
historically used in existing TE depl oynent:

(i) To take into account the overbooki ng/ underbooking ratio
appropriate for the Ordered Aggregate (QA) or CT associ ated
with the considered LSP at the tine of establishing the
bandwi dth size of a given LSP. W refer to this nethod as the
"LSP Size Overbooking" method. AND OR

(i) To take into account the overbooki ng/ underbooking ratio at the
time of configuring the Maxi num Reservabl e Bandwi dt h/ BCs and
use val ues that are |arger (overbooking) or smaller
(under booki ng) than those actually supported by the link. W
refer to this method as the "Link Size Overbooki ng" method.

The "LSP Si ze Overbooking" and "Link Size Overbooki ng" nethods are

expected to be sufficient in many DS-TE environnents and require no
addi tional configurable parameters. O her overbooki ng nmethods may

i nvol ve such additional configurable paraneters, but are beyond the
scope of this docunent.
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4.2. LSR Paraneters
4.2.1. TE-d ass Mpping

Inline with [DSTE-REQ, the preenption attributes defined in
[TE-REQ) are retained with DS-TE and applicable within, and across,
all CTs. The preenption attributes of setup priority and hol ding
priority retain existing semantics, and in particular these senantics
are not affected by the LSP CT. This neans that if LSP1 contends
with LSP2 for resources, LSP1 may preenpt LSP2 if LSP1 has a hi gher
setup preenption priority (i.e., lower nunmerical priority value) than
LSP2 hol di ng preenption priority, regardless of LSP1 CT and LSP2 CT.

DS- TE LSRs MJST al |l ow configurati on of a TE-C ass mappi ng whereby the
Cl ass- Type and preenption | evel are configured for each of (up to) 8
TE- C asses.

This mapping is referred to as :
TE-Class[i] <--> < CTc , preenption p >
where 0 <= | <=7, 0<=c <=7, 0<=p<=7

Two TE-Cl asses MJST NOT be identical (i.e., have both the sane
Cl ass-Type and the same preenption priority).

There are no other restrictions on how any of the 8 C ass-Types can
be paired up with any of the 8 preenption priorities to forma TE-
Class. |In particular, one given preenption priority can be paired up
with two (or nore) different O ass-Types to formtwo (or nore) TE-
Classes. Simlarly, one O ass-Type can be paired up with two (or
more) different preenption priorities to formtwo (or nore) TE-
Classes. Also, there is no mandatory ordering relationship between
the TE-Class index (i.e., "i" above) and the C ass-Type (i.e., "c
above) or the preenption priority (i.e., "p" above) of the TE-d ass.

Where the network administrator uses |ess than 8 TE-C asses, the DS-
TE LSR MJST al |l ow remai ni ng ones to be configured as "Unused". Note
that configuring all the 8 TE-C asses as "Unused" effectively results
in disabling TE/ DS-TE since no TE/ DS-TE LSP can be established (nor
even configured, since as described in Section 4.3.3 below, the CT
and preenption priorities configured for an LSP MJUST form one of the
configured TE-C asses).

To ensure coherent DS-TE operation, the network adm ni strator MJST

configure exactly the same TE-C ass mapping on all LSRs of the DS-TE
domai n.
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When the TE-C ass mappi ng needs to be nodified in the DS-TE domai n,
care ought to be exercised during the transient period of
reconfiguration during which some DS-TE LSRs may be configured with
the new TE-Cl ass mapping while others are still configured with the
old TE-Class mapping. It is recomended that active tunnels do not
use any of the TE-Cl asses that are being nodified during such a
transi ent reconfiguration period.

4.3. LSP Paraneters
4.3.1. dass-Type
Wth DS-TE, LSRs MJST support, for every LSP, an additi onal

configurabl e paraneter that indicates the O ass-Type of the Traffic
Trunk transported by the LSP.

There is one and only one O ass-Type configured per LSP.

The configured C ass-Type indicates, in accordance with the supported
Bandw dt h Constraints Mddel, the BCs that MJST be enforced for that
LSP.

4.3.2. Setup and Hol ding Preenption Priorities

As per existing TE, DS-TE LSRs MJST all ow every DS-TE LSP to be
configured with a setup and holding priority, each with a val ue
between 0 and 7.

4.3.3. ass-Type/ Preenption Rel ationship

Wth DS-TE, the preenption priority configured for the setup priority
of a given LSP and the O ass-Type configured for that LSP MJST be
such that, together, they formone of the (up to) 8 TE-C asses
configured in the TE-C ass nmapping specified in Section 4.2.1 above.

The preenption priority configured for the holding priority of a
given LSP and the O ass-Type configured for that LSP MUST al so be
such that, together, they formone of the (up to) 8 TE-C asses
configured in the TE-C ass nmapping specified in Section 4.2.1 above.

The LSR MJUST enforce these two rules at configuration tine.
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4. 4.

4. 4.

4. 4.

Le

Exanpl es of Paraneters Configuration

For illustration purposes, we now present a few exanpl es of how these
configurable paraneters may be used. Al these exanpl es assune that
different BCs need to be enforced for different sets of Traffic
Trunks (e.g., for Voice and for Data) so that two or nore O ass-Types
need to be used.

1. Exanple 1

The network adm nistrator of a first network using two CTs (CT1 for
Voi ce and CTO for Data) nay elect to configure the follow ng TE-O ass
mappi ng to ensure that Voice LSPs are never driven away fromtheir
shortest path because of Data LSPs:

TE-O ass[0] <--> < CT1, preenption 0 >
TE-d ass[1] <--> < CTO, preenption 1 >
TE-C ass[i] <--> wunused, for 2 <= i <=7

Voi ce LSPs woul d then be configured wth:

CT = CTl, setup priority =0, holding priority =0
Data LSPs woul d then be configured wth:
CT = CT10, setup priority =1, holding priority =1

A new Voice LSP would then be able to preenpt an existing Data LSP in
case they contend for resources. A Data LSP would never preenpt a
Voice LSP. A Voice LSP would never preenpt another Voice LSP. A
Data LSP woul d never preenpt another Data LSP.

2. Exanple 2

The network adm nistrator of another network may el ect to configure
the following TE-Class mapping in order to optim ze gl obal network
resource utilization by favoring placenent of |arge LSPs closer to
their shortest path:

TE-Class[0] <--> < CTl1, preenption 0 >
TE-d ass[1] <--> < CI0O, preenption 1 >
TE-d ass[2] <--> < CTl1, preenption 2 >
TE-O ass[3] <--> < CTO, preenption 3 >
TE-Cl ass[i] <--> wunused, for 4 <=i <=7

Large-si ze Voice LSPs could be configured wth:

CT = CTl, setup priority = 0, holding priority =0
Large-size Data LSPs could be configured with:
CT = CT10, setup priority =1, holding priority =1
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Smal | - si ze Voice LSPs coul d be configured with:

CT = CTl, setup priority = 2, holding priority = 2
Smal | -size Data LSPs coul d be configured with:
CT = C10, setup priority = 3, holding priority = 3

A new | arge-size Voice LSP would then be able to preenpt a small-size
Voice LSP or any Data LSP in case they contend for resources. A new
| arge-size Data LSP would then be able to preenpt a small-size Data
LSP or a snall-size Voice LSP in case they contend for resources, but
it would not be able to preenpt a | arge-size Voice LSP

4.4.3. Exanple 3

The network adm nistrator of another network may el ect to configure
the following TE-Class mapping in order to ensure that Voice LSPs are
never driven away fromtheir shortest path because of Data LSPs.

Thi s al so achi eves sonme optim zati on of gl obal network resource
utilization by favoring placenent of large LSPs closer to their
shortest path:

TE-d ass[0] <--> < CT1, preenption 0 >
TE-d ass[1l] <--> < CT1l, preenption 1 >
TE-d ass[2] <--> < CTO , preenption 2 >
TE-C ass[3] <--> < CT0O , preenption 3 >
TE-Class[i] <--> wunused, for 4 <= i <=7

Large-si ze Voice LSPs could be configured with:

CT = CTl, setup priority =0, holding priority = 0.
Smal | - si ze Voice LSPs coul d be configured with:

CT = CTl, setup priority =1, holding priority = 1.
Large-size Data LSPs could be configured with:

CT = C10, setup priority = 2, holding priority = 2

Smal | -size Data LSPs coul d be configured wth:
CT=CT0, setup priority = 3, holding priority = 3.

A Voice LSP could preenmpt a Data LSP if they contend for resources.
A Data LSP woul d never preenpt a Voice LSP. A large-size Voice LSP
could preenpt a snall-size Voice LSP if they contend for resources.
A large-size Data LSP could preenpt a small-size Data LSP if they
contend for resources.
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4.4.4. Exanmple 4

The network adm nistrator of another network may el ect to configure
the following TE-Class mapping in order to ensure that no preenption
occurs in the DS-TE donai n:

TE-d ass[0] <--> < CT1, preenption 0 >
TE-Class[1l] <--> < CTO , preenption 0 >
TE-Class[i] <--> unused, for 2 <=i <=7

Voi ce LSPs woul d then be configured wth:
CT = CTl, setup priority =0, holding priority =0

Data LSPs woul d then be configured wth:
CT = C10, setup priority = 0, holding priority =0

No LSP woul d then be able to preenpt any other LSP.
4.4.5. Exanple 5
The network adm nistrator of another network may el ect to configure

the following TE-Cl ass mapping in view of increased network stability
through a nore limted use of preenption:

TE-d ass[0] <--> < CT1, preenption 0 >
TE-Class[1l] <--> < CTl1, preenption 1 >
TE-d ass[2] <--> < CI0O, preenption 1 >
TE-d ass[3] <--> < CTO, preenption 2 >
TE-d ass[i] <--> wunused, for 4 <=i <=7
Large-si ze Voice LSPs could be configured with: CT = CT1l, setup
priority = 0, holding priority = 0.
Smal | -si ze Voice LSPs could be configured with: CT = CT1, setup

priority =1, holding priority = 0.

Large-size Data LSPs could be configured with: CT = CTO, setup
priority = 2, holding priority = 1.

Smal | -size Data LSPs could be configured with: CT
priority = 2, holding priority = 2.

CT0, setup

A new | arge-size Voice LSP woul d be able to preenpt a Data LSP in
case they contend for resources, but it would not be able to preenpt
any Voice LSP even a snmall-size Voice LSP.
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A new smal | -size Voice LSP woul d be able to preenpt a snall-size Data
LSP in case they contend for resources, but it would not be able to
preenpt a | arge-size Data LSP or any Voice LSP.

A Data LSP would not be able to preenpt any other LSP.
5. |1GP Extensions for DS-TE

This section only discusses the differences with the |IGP

adverti senent supported for (aggregate) MPLS Traffic Engi neering as
per [OSPF-TE] and [ISIS-TE]. The rest of the | GP advertisenent is
unchanged.

5. 1. Bandwi dt h Constraints

As detail ed above in Section 4.1.1, up to 8 BCs (BCh, 0 <= b <= 7)
are configurable on any given |ink.

Wth DS-TE, the existing "Mximm Reservabl e Bandw dt h" sub-TLV
([CSPF-TE], [ISIS-TE]) is retained with a generalized semantics so
that it MJST now be interpreted as the aggregate bandw dth constrai nt
across all Cass-Types; i.e., SUM (Reserved (CTc)) <= Max Reservabl e
Bandwi dt h, i ndependently of the Bandw dth Constraints Mbdel.

Thi s docunent al so defines the follow ng new optional sub-TLV to
advertise the eight potential BCs (BCO to BC7):

"Bandwi dt h Constrai nts" sub-TLV:

- Bandwi dth Constraints Mdel 1d (1 octet)
- Reserved (3 octets)
- Bandwi dth Constraints (N x 4 octets)

- Wth OSPF, the sub-TLV is a sub-TLV of the "Link TLV' and its
sub-TLV type is 17.

- Wth ISIS, the sub-TLV is a sub-TLV of the "extended IS
reachability TLV' and its sub-TLV type is 22.

- Bandwi dth Constraints Mddel 1d: a 1-octet identifier for the
Bandwi dt h Constraints Mdel currently in use by the LSR
initiating the 1GP advertisement. See the | ANA Consi derations
section for assignment of values in this nane space.

- Reserved: a 3-octet field. This field should be set to zero

by the LSR generating the sub-TLV and should be ignored by the
LSR receiving the sub-TLV.
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- Bandwi dth Constraints: contains BCO, BCl,... BC(N-1). Each BC
is encoded on 32 bits in | EEE floating point format. The
units are bytes (not bits!) per second. Were the configured
TE-d ass nappi ng and the Bandwi dth Constraints nodel in use
are such that BCh+1, BCh+2, ...and BC7 are not relevant to any
of the C ass-Types associated with a configured TE-C ass, it
i s RECOMMENDED t hat only the Bandw dth Constraints from BCO to
BCh be advertised, in order to mnimze the inpact on | GP
scal ability.

Al'l relevant generic TLV encoding rules (including TLV format,

paddi ng and alignnent, as well as |EEE floating point format

encodi ng) defined in [OSPF-TE] and [ISIS-TE] are applicable to this
new sub- TLV.

The "Bandwi dth Constrai nts" sub-TLV format is illustrated bel ow

0 1 2 3

01234567890123456789012345678901
B T I e R i i i T S S e e I e ik oI I S S e S S
| BC Mbdel 1d | Reserved |
el i I e i it T e e e e i i T o S e e S e T R R
| BCO val ue |
R o o e e el i S S S S i S i ol S S e e e s
11 S 11
B T I e R i i i T S S e e I e ik oI I S S e S S
| BCh val ue |
el i I e i it T e e e e i i T o S e e S e T R R

A DS-TE LSR MAY optionally advertise BCs.

A DS-TE LSR, which does advertise BCs, MJST use the new "Bandwi dth
Constraints" sub-TLV (in addition to the existing Maxi num Reservabl e
Bandwi dt h sub-TLV) to do so. For exanple, in the case where a
service provider deploys DS-TE with TE-C asses associated with CTO
and CT1 only, and where the Bandw dth Constraints Mdel is such that
only BCO and BCl are relevant to CTO and CT1l, a DS-TE LSR whi ch does
advertise BCs would include in the | GP advertisenent the Maxi mum
Reservabl e Bandwi dth sub-TLV, as well as the "Bandw dth Constraints”
sub-TLV. The forner should contain the aggregate bandw dth
constraint across all CTs, and the latter should contain BCO and BCl.

A DS-TE LSR receiving the "Bandwi dth Constraints" sub-TLV with a
Bandwi dt h Constraints Mdel |d that does not match the Bandwi dth
Constraints Mddel it currently uses SHOULD generate a warning to the
oper at or/ managenent system reporting the inconsistency between
Bandwi dt h Constraints Mddels used on different links. Al so, in that
case, if the DS-TE LSR does not support the Bandwi dth Constraints
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Model designated by the Bandwi dth Constraints Mdel Id, or if the
DS- TE LSR does not support operations with multiple sinultaneous
Bandwi dt h Constraints Mdels, the DS-TE LSR MAY di scard t he
corresponding TLV. |If the DS-TE LSR does support the Bandwi dth
Constraints Mbdel designated by the Bandwi dth Constraints Mdel Id,
and if the DS-TE LSR does support operations with multiple

si mul t aneous Bandwi dth Constraints Mddels, the DS-TE LSR MAY accept
the correspondi ng TLV and al |l ow operations with different Bandw dth
Constraints Mddels used in different parts of the DS-TE domai n.

5.2. Unreserved Bandw dth

Wth DS-TE, the existing "Unreserved Bandw dth" sub-TLV is retained
as the only vehicle to advertise dynam ¢ bandwi dth information
necessary for Constraint-Based Routing on head-ends, except that it
is used with a generalized semantics. The Unreserved Bandw dth sub-
TLV still carries eight bandw dth val ues, but they now correspond to
the unreserved bandw dth for each of the TE-C asses (instead of for
each preenption priority, as per existing TE).

More precisely, a DS-TE LSR MUST support the Unreserved Bandw dth
sub-TLV with a definition that is generalized into the foll ow ng:

The Unreserved Bandwi dth sub-TLV specifies the anpbunt of bandwi dth
not yet reserved for each of the eight TE-C asses, in | EEE floating
poi nt format arranged in increasing order of TE-Cd ass index.
Unreserved bandwi dth for TE-Class [0] occurs at the start of the
sub-TLV, and unreserved bandwidth for TE-Class [7] at the end of the
sub-TLV. The unreserved bandwi dth value for TE-Class [i] ( 0 <= i <=
7) is referred to as "Unreserved TE-Class [i]". It indicates the
bandwi dth that is available, for reservation, to an LSP that:

- transports a Traffic Trunk fromthe C ass-Type of TE-O ass[i], and

- has a setup priority corresponding to the preenption priority of
TE-d ass[i].

The units are bytes per second.

Because t he bandwi dth val ues are now ordered by TE-cl ass index and
thus can relate to different CIs with different BCs and to any
arbitrary preenption priority, a DS-TE LSR MJUST NOT assunme any
ordered rel ati onshi p anong t hese bandwi dth val ues.

Wth existing TE, because all preenption priorities reflect the sane
(and only) BCs and bandwi dth val ues are advertised in preenption
priority order, the following relationship is always true, and is

of ten assunmed by TE i npl enent ati ons:
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If i <j, then "Unreserved Bw [i]" >= "Unreserved Bw [j]"

Wth DS-TE, no relationship is to be assunmed such that:

If i <j, then any of the followi ng relationships may be true:
"Unreserved TE-Class [i]" = "Unreserved TE-Class [j]"

OR
"Unreserved TE-Class [i]" > "Unreserved TE-Class [j]"

R

“Unreserved TE-Class [i]" < "Unreserved TE-Class [j]".

Rul es for computing "Unreserved TE-Class [i]" are specified in
Section 11.

If TE-Class[i] is unused, the value advertised by the IGP in
"Unreserved TE-Class [i]" MJST be set to zero by the LSR generating
the |1 GP advertisenent, and MJST be ignored by the LSR receiving the
| GP advertisement.

6. RSVP- TE Extensions for DS-TE

In this section, we describe extensions to RSVP-TE for support of

D ffserv-aware MPLS Traffic Engineering. These extensions are in
addition to the extensions to RSVP defined in [RSVP-TE] for support
of (aggregate) MPLS Traffic Engineering and to the extensions to RSVP
defined in [D FF-MPLS] for support of Diffserv over MPLS.

6.1. DS-TE-Rel ated RSVP Messages For nmat

One new RSVP object is defined in this docunent: the CLASSTYPE
object. Detailed description of this object is provided below This
new object is applicable to Path nessages. This specification only
defines the use of the CLASSTYPE object in Path nessages used to
establish LSP Tunnels in accordance with [RSVP-TE] and thus
containing a session object with a CT equal to LSP_TUNNEL | Pv4 and
contai ni ng a LABEL_REQUEST obj ect.

Restrictions defined in [ RSVP-TE] for support of establishment of LSP
Tunnel s via RSVP-TE are al so applicable to the establishnent of LSP
Tunnel s supporting DS-TE. For instance, only unicast LSPs are
supported, and multicast LSPs are for further study.

Thi s new CLASSTYPE object is optional with respect to RSVP so that
general RSVP inpl enentations not concerned with MPLS LSP setup do not
have to support this object.

An LSR supporting DS-TE MJUST support the CLASSTYPE object.
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6.1.1. Path Message Format
The format of the Path message is as foll ows:

<Path Message> ::= <Common Header > [ <I NTEGRI TY> ]
<SESSI ON> <RSVP_HOP>
<Tl ME_VALUES>
[ <EXPLICI T_ROUTE> ]
<LABEL_REQUEST>

<SESSI ON_ATTRI BUTE> ]

<Dl FFSERV> ]

<CLASSTYPE> |

<PQOLI CY_DATA> ... ]

<sender descriptor> ]

—————

<sender descriptor> ::= <SENDER TEMPLATE> [ <SENDER TSPEC> ]
[ <ADSPEC> |
[ <RECORD_ROUTE> ]

6.2. CLASSTYPE nj ect

The CLASSTYPE object Class Nane is CLASSTYPE. |Its C ass Nunber is
66. Currently, there is only one defined C Type which is C Type 1.
The CLASSTYPE object format is shown bel ow.

6.2.1. CLASSTYPE obj ect

Cl ass Nunber = 66

Cl ass-Type = 1

0 1 2 3
01234567890123456789012345678901
B T S i T s i i e e SEI S
| Reser ved | CT |
R i T I e T S S e S TR S T e i I S e S e e e e o o

Reserved: 29 bits
This field is reserved. 1t MJIST be set to zero on transm Ssion
and MUST be ignored on receipt.

CT: 3 bits

I ndicates the O ass-Type. Values currently allowed are
1, 2, ... , 7. Value of 0 is Reserved.
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6. 3.

Le

Handl i ng CLASSTYPE (bj ect

To establish an LSP tunnel with RSVP, the sender LSR creates a Path
message with a session type of LSP _Tunnel |IPv4 and with a

LABEL_REQUEST obj ect as per [RSVP-TE]. The sender LSR may al so
i nclude the DI FFSERV object as per [D FF-MPLS].

If the LSP is associated with C ass-Type 0, the sender LSR MJUST NOT
i nclude the CLASSTYPE object in the Path nessage. This allows
backward conpatibility w th non-DSTE-configured or non-DSTE-capabl e
LSRs as discussed below in Section 10 and Appendi x C.

If the LSP is associated with Cass-Type N (1 <= N <=7), the sender
LSR MUST include the CLASSTYPE object in the Path message with the
Cl ass-Type (CT) field set to N

If a Path nessage contains nmultiple CLASSTYPE objects, only the first
one is meani ngful; subsequent CLASSTYPE object(s) MJST be ignored and
MJUST NOT be forwarded.

Each LSR al ong the path MJST record the CLASSTYPE object, when it is
present, in its path state bl ock.

If the CLASSTYPE object is not present in the Path nessage, the LSR
MJST associate the C ass-Type 0 to the LSP.

The destination LSR responding to the Path nessage by sending a Resv
message MJST NOT include a CLASSTYPE object in the Resv nessage
(whether or not the Path nessage contai ned a CLASSTYPE object).

During establishment of an LSP corresponding to the C ass-Type N, the
LSR MUST perform adm ssion control over the bandw dth avail able for
that particular d ass-Type.

An LSR that recogni zes the CLASSTYPE object and that receives a Path
message that:

- contains the CLASSTYPE obj ect, but

- does not contain a LABEL_REQUEST object or does not have a
session type of LSP_Tunnel _| Pv4,

MUST send a PathErr towards the sender with the error code

"Diffserv-aware TE Error” and an error val ue of "Unexpected CLASSTYPE
object". These codes are defined in Section 6.5.
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An LSR receiving a Path nessage with the CLASSTYPE object that:

- recogni zes the CLASSTYPE object, but

- does not support the particular d ass-Type,
MUST send a PathErr towards the sender with the error code
"Diffserv-aware TE Error"” and an error val ue of "Unsupported O ass-
Type". These codes are defined in Section 6.5.
An LSR receiving a Path nessage with the CLASSTYPE object that:

- recogni zes the CLASSTYPE object, but

- determ nes that the C ass-Type value is not valid (i.e.,
Cl ass- Type val ue 0),

MJUST send a PathErr towards the sender with the error code
"Diffserv-aware TE Error" and an error value of "lnvalid O ass-Type
val ue". These codes are defined in Section 6.5.

An LSR receiving a Path nessage with the CLASSTYPE object, which:
- recogni zes the CLASSTYPE object and
- supports the particular C ass-Type, but
- determnes that the tuple fornmed by (i) this d ass-Type and

(ii) the setup priority signaled in the sanme Path nessage, is
not one of the eight TE-C asses configured in the TE-cl ass

mappi ng,

MJST send a PathErr towards the sender with the error code
"Diffserv-aware TE Error" and an error value of "CT and setup
priority do not forma configured TE-O ass". These codes are defined
in Section 6.5.

An LSR receiving a Path nessage with the CLASSTYPE object that:
- recogni zes the CLASSTYPE object and
- supports the particular C ass-Type, but
- determnes that the tuple formed by (i) this d ass-Type and

(ii) the holding priority signaled in the same Path message,
is not one of the eight TE-C asses configured in the TE-cl ass

mappi ng,
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MUST send a PathErr towards the sender with the error code
"Diffserv-aware TE Error"” and an error value of "CT and hol di ng
priority do not forma configured TE-Cl ass". These codes are defined
in Section 6.5.

An LSR receiving a Path nessage with the CLASSTYPE object that:
- recogni zes the CLASSTYPE object and
- supports the particular d ass-Type, but

- determnes that the tuple fornmed by (i) this d ass-Type and
(ii) the setup priority signaled in the sane Path nessage, is
not one of the eight TE-C asses configured in the TE-cl ass
mappi ng, AND

- determnes that the tuple fornmed by (i) this d ass-Type and
(ii) the holding priority signaled in the same Path message,
is not one of the eight TE-C asses configured in the TE-cl ass

mappi ng

MUST send a PathErr towards the sender with the error code
"Diffserv-aware TE Error" and an error value of "CT and setup
priority do not forma configured TE-C ass AND CT and hol di ng
priority do not forma configured TE-C ass". These codes are defined
in Section 6.5.

An LSR receiving a Path nessage with the CLASSTYPE object and with
the DI FFSERV object for an L-LSP that:

- recogni zes the CLASSTYPE obj ect,

- has | ocal know edge of the relationship between O ass-Types
and Per Hop Behavior (PHB) Scheduling Class, e.g., via
configuration, and

- determ nes, based on this | ocal know edge, that the PHB
Scheduling O ass (PSC) signaled in the D FFSERV object is
inconsistent with the C ass-Type signaled in the CLASSTYPE
obj ect,

MUST send a PathErr towards the sender with the error code
"Diffserv-aware TE Error" and an error val ue of "lnconsistency

bet ween signal ed PSC and signaled CT". These codes are defined bel ow
in Section 6.5.
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An LSR receiving a Path nessage with the CLASSTYPE object and with
the DI FFSERV object for an E-LSP that:

- recogni zes the CLASSTYPE obj ect,

- has |l ocal know edge of the relationship between C ass- Types
and PHBs (e.g., via configuration)

- determ nes, based on this |ocal know edge, that the PHBs
signaled in the MAP entries of the DI FFSERV object are
inconsistent with the O ass-Type signaled in the CLASSTYPE
obj ect,

MUST send a PathErr towards the sender with the error code
"Diffserv-aware TE Error"” and an error value of "lnconsistency

bet ween signal ed PHBs and signaled CT". These codes are defined in
Section 6.5.

An LSR MJST handl e situations in which the LSP cannot be accepted for
reasons ot her than those already discussed in this section, in
accordance with [RSVP-TE] and [DI FF- MPLS] (e.g., a reservation is
rejected by adm ssion control, and a | abel cannot be associ ated).

6.4. Non-support of the CLASSTYPE (bject

An LSR that does not recognize the CLASSTYPE obj ect O ass- Num MJST
behave in accordance with the procedures specified in [RSVP] for an
unknown C ass-Num whose format i s Obbbbbbb (i.e., it MJST send a
PathErr with the error code "Unknown object class" toward the
sender) .

An LSR that recogni zes the CLASSTYPE object O ass-Num but that does
not recogni ze the CLASSTYPE obj ect C Type, MJST behave in accordance
with the procedures specified in [RSVP] for an unknown C-type (i.e.,
it MUST send a PathErr with the error code "Unknown object C Type"
toward the sender).

Both of the above situations cause the path setup to fail. The
sender SHOULD notify the operator/mnagenent systemthat an LSP
cannot be established and m ght take action to retry reservation
establi shnent without the CLASSTYPE object.

6.5. Error Codes for Diffserv-aware TE
In the procedures described above, certain errors are reported as a

"Diffserv-aware TE Error". The value of the "Diffserv-aware TE
Error" error code is 28.
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The following table defines error values for the Diffserv-aware TE

Error:
Val ue Error
1 Unexpect ed CLASSTYPE obj ect
2 Unsupported C ass- Type
3 Invalid C ass-Type val ue
4 Cl ass- Type and setup priority do not forma configured
TE-Cl ass
5 Cl ass-Type and holding priority do not forma

configured TE-C ass
6 Cl ass-Type and setup priority do not forma configured
TE-d ass AND O ass-Type and holding priority do not form
a configured TE-d ass

7 I nconsi st ency between signal ed PSC and si gnal ed
Cl ass- Type

8 I nconsi st ency between signal ed PHBs and signal ed
Cl ass- Type

See the | ANA Consi derations section for allocation of additional
val ues.

7. DS-TE Support with MPLS Extensions

There are a nunber of extensions to the initial base specification
for signaling [RSVP-TE] and | GP support for TE [ OSPF-TE][I SI S-TE].
Those include enhancenents for generalization ([GWLS-SIG and

[ GWLS- ROUTE] ), as well as for additional functionality, such as LSP
hi erarchy [H ERARCHY], l|ink bundling [BUNDLE], and fast restoration
[ REROUTE] . These specifications may reference how to encode

i nformati on associated with certain preenption priorities, howto
treat LSPs at different preenption priorities, or they may ot herw se
speci fy encodi ngs or behavior that have a different nmeaning for a
DS- TE router.

In order for an inplenentation to support both this specification for
Diffserv-aware TE and a gi ven MPLS enhancenent, such as those listed
above (but not linmted to those), it MIST treat references to
"preenption priority" and to "Maxi nrum Reservabl e Bandwi dth" in a
generalized manner, i.e., the nanner in which this specification uses
t hose terns.

Additionally, current and future MPLS enhancenents may include nore
preci se specification for how they interact with Diffserv-aware TE
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7.1. DS-TE Support and References to Preenption Priority

When a router supports both Diffserv-aware TE and one of the MPLS
protocol extensions such as those nentioned above, encodi ng of val ues
of preenption priority in signaling or encoding of infornmation
associated with preenption priorities in |G defined for the MPLS

ext ensi on, MJST be consi dered an encodi ng of the sane information for
the corresponding TE-O ass. For instance, if an MPLS enhancenent
specifies advertisenent in | GP of a paraneter for routing information
at preenption priority N, in a DS-TE environnment it MJST actually be
interpreted as specifying advertisenent of the same routing
information but for TE-Class [NJ. On receipt, DS-TE routers MJST
also interpret it as such.

VWhen there is discussion on howto conparatively treat LSPs of
different preenption priority, a DS-TE LSR MJST treat the preenption
priorities in this context as those associated with the TE-d asses of
the LSPs in question.

7.2. DS-TE Support and References to Maxi mum Reservabl e Bandwi dt h

When a router supports both Diffserv-aware TE and MPLS pr ot ocol
extensions such as those nentioned above, advertisements of Maxi mum
Reservabl e Bandwi dth MJUST be done with the generalized interpretation
defined in Section 4.1.1 as the aggregate bandw dth constraint across
all Cass-Types. It MAY also allow the optional advertisenent of all
BCs.

8. Constraint-Based Routing

Let us consider the case where a path needs to be conputed for an LSP
whose Cl ass-Type is configured to Clc and whose setup preenption
priority is configured to p.

Then the pair of CIc and p will map to one of the TE-C asses defined
in the TE-Class mapping. Let us refer to this TE-C ass as TE-
Class[i].

The Constraint-Based Routing algorithmof a DS-TE LSR is still only
required to perform path conmputation satisfying a single BC which is
to fit in "Unreserved TE-Class [i]" as advertised by the IGP for
every link. Thus, no changes to the existing TE Constraint-Based
Routing algorithmitself are required.

The Constraint-Based Routing algorithm MAY al so take into account,

when used, the optional additional information advertised in |IGP such
as the BCs and the Maxi mum Reservabl e Bandwi dth. For exanple, the
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BCs M GHT be used as tie-breaker criteria in situations where
mul tiple paths, otherw se equally attractive, are possible.

Di ffserv Scheduling

The O ass-Type signal ed at LSP establishnment MAY optionally be used
by DS-TE LSRs to dynamically adjust the resources allocated to the
Cl ass-Type by the Diffserv scheduler. 1In addition, the Diffserv
information (i.e., the PSC) signaled by the TE-LSP signaling
protocols as specified in [DIFF-MPLS], if used, MAY optionally be
used by DS-TE LSRs to dynamically adjust the resources allocated by
the Diffserv scheduler to a PSCOA within a CT.

Exi sting TE as a Particul ar Case of DS-TE

We observe that existing TE can be viewed as a particul ar case of
DS- TE wher e:

(i) a single dass-Type is used,
(ii) all 8 preenption priorities are allowed for that C ass-Type,
and
(iii) the following TE-Cl ass mapping i s used:
TE-d ass[i] <--> < CTO , preenption i >
Wiere 0 <= i <= 7.

In that case, DS-TE behaves as existing TE.

As with existing TE, the | GP adverti ses:
- Unreserved Bandwi dth for each of the 8 preenption priorities.

As with existing TE, the I1GP nay adverti se:
- Maxi num Reservabl e Bandwi dth contai ning a BC appl yi hg across
all LSPs .

Because all LSPs transport traffic from CTO, RSVP-TE signaling is
done without explicit signaling of the O ass-Type (which is only used
for C ass-Types other than CTO, as explained in Section 6) as with
exi sting TE

Conputing "Unreserved TE-Class [i]" and Adm ssion Control Rules
1. Conputing "Unreserved TE-Class [i]"
We first observe that, for existing TE, details on adm ssion control
algorithms for TE LSPs, and consequently details on formulas for
conputing the unreserved bandwi dth, are outside the scope of the

current |ETF work. This is left for vendor differentiation. Note
that this does not conpronise interoperability across various
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i mpl ement ati ons because the TE schenes rely on LSRs to advertise
their local view of the world in ternms of Unreserved Bw to ot her
LSRs. This way, regardl ess of the actual |ocal adnission contro

al gorithm used on one given LSR, Constraint-Based Routing on other
LSRs can rely on advertised information to determ ne whether an
additional LSP will be accepted or rejected by the given LSR  The
only requirenent is that an LSR advertises unreserved bandw dth

val ues that are consistent with its specific |ocal adnission contro
al gorithm and take into account the hol ding preenption priority of
establ i shed LSPs.

In the context of DS-TE, again, details on adm ssion control
algorithms are left for vendor differentiation, and fornulas for
computing the unreserved bandwi dth for TE-C ass[i] are outside the
scope of this specification. However, DS-TE pl aces the additional
requirenent on the LSR that the unreserved bandw dth val ues
advertised MUST reflect all the BCs relevant to the CT associated
with TE-C ass[i] in accordance with the Bandwi dth Constraints Model.
Thus, fornulas for conmputing "Unreserved TE-Class [i]" depend on the
Bandwi dt h Constraints Mddel in use and MJST reflect how BCs apply to
CTs. Exanple fornulas for computing "Unreserved TE-Class [i]" Model
are provided for the Russian Dolls Mdel and Maxi mum Al |l ocati on Mdel
respectively in [DSTE-RDM and [ DSTE- MAM .

As with existing TE, DS-TE LSRs MJST consi der the hol ding preenption
priority of established LSPs (as opposed to their setup preenption
priority) for the purpose of conputing the unreserved bandw dth for
TE-Cass [i].
2. Admission Control Rules
A DS-TE LSR MJST support the follow ng adm ssion control rule:
Regar dl ess of how the adm ssion control algorithmactually conputes
the unreserved bandwidth for TE-Class[i] for one of its local |inks,
an LSP of bandwi dth B, of setup preenption priority p and of d ass-
Type CTc is adm ssible on that link if, and only if,:

B <= Unreserved Bandwi dth for TE-d ass[i]

where TE-Class [i] maps to < ClTc , p > in the TE-C ass nmappi ng
configured on the LSR

Security Considerations
Thi s docunent does not introduce additional security threats beyond

those described for Diffserv ([D FF-ARCH]) and MPLS Traffic
Engi neering ([ TE-REQ, [RSVP-TE], [OSPF-TE], [ISIS-TE]) and the sane
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security neasures and procedures described in these docunents apply
here. For example, the approach for defense against theft- and

deni al - of -servi ce attacks discussed in [D FF- ARCH], which consists of
the conbination of traffic conditioning at DS boundary nodes al ong
with security and integrity of the network infrastructure within a

D ffserv domain, may be followed when DS-TE is in use. Al so, as
stated in [TEEREQ, it is specifically inportant that manipul ati on of
adm nistratively configurable paranmeters (such as those related to
DS-TE LSPs) be executed in a secure manner by authorized entities.

| ANA Consi der ati ons

Thi s docunent creates two new nane spaces that are to be managed by
I ANA. Also, a nunmber of assignnents from existing name spaces have
been made by I1ANA in this docunent. They are di scussed bel ow.

1. A New Nane Space for Bandwi dth Constraints Mdel ldentifiers

Thi s document defines in Section 5.1 a "Bandw dth Constraints Mdel
Id" field (nane space) within the "Bandw dt h Constraints" sub-TLV,
both for OSPF and 1SIS. The new nane space has been created by the
I ANA and they will maintain this new nane space. The field for this
nanespace is 1 octet, and | ANA guidelines for assignnments for this
field are as foll ows:

o values in the range 0-239 are to be assigned according to the
"Specification Required" policy defined in [IANA-CONS].

o values in the range 240-255 are reserved for "Private Use" as
defined in [l ANA- CONS] .

2. A New Nane Space for Error Values under the "Diffserv-aware TE
Error"

An Error Code is an 8-bit quantity defined in [RSVP] that appears in
an ERROR _SPEC object to define an error condition broadly. Wth each
Error Code there may be a 16-bit Error Value (which depends on the
Error Code) that further specifies the cause of the error.

This docunent defines in Section 6.5 a new RSVP error code, the
"Diffserv-aware TE Error" (see Section 13.3.4). The Error Val ues for
the "Diffserv-aware TE Error" constitute a new nane space to be
managed by | ANA

Thi s docunent defines, in Section 6.5, values 1 through 7 in that
nane space (see Section 13.3.5).
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Future allocations of values in this nane space are to be assigned by
I ANA using the "Specification Required" policy defined in
[ 1 ANA- CONS] .

3. Assignnents Made in This Docunent
3.1. Bandwi dth Constraints sub-TLV for OSPF Version 2

[ OSPF-TE] creates a name space for the sub-TLV types within the "Link
TLV' of the Traffic Engineering Link State Advertisenent (LSA) and
rul es for managenent of this name space by | ANA

Thi s docunent defines in Section 5.1 a new sub-TLV, the "Bandwi dth
Constraints" sub-TLV, for the OSPF "Link" TLV. |n accordance with
the 1 ANA consi derations provided in [OSPF-TE], a sub-TLV type in the
range 10 to 32767 was requested, and the value 17 has been assi gned
by 1 ANA for the "Bandw dth Constrai nts" sub-TLV.

3.2. Bandwi dth Constraints sub-TLV for |ISIS

[1SIS-TE] creates a nanme space for the sub-TLV types within the ISI'S
"Extended IS Reachability" TLV and rules for managenent of this nane
space by | ANA

Thi s document defines in Section 5.1 a new sub-TLV, the "Bandwi dth
Constraints" sub-TLV, for the ISIS "Extended IS Reachability" TLV.
In accordance with the | ANA considerations provided in [ISIS-TE], a
sub- TLV type was requested, and the val ue 22 has been assi gned by

I ANA for the "Bandw dth Constraints" sub-TLV.

3.3. CLASSTYPE (bject for RSVP

[ RSVP] defines the C ass Number nane space for RSVP object, which is
managed by ANA.  Currently allocated C ass Nunbers are |isted at
http://ww. i ana. or g/ assi gnnent s/ r svp- par anet ers.

Thi s docunent defines in Section 6.2.1 a new RSVP object, the
CLASSTYPE obj ect. |ANA has assignhed a C ass Nunmber for this RSVP
object fromthe range defined in Section 3.10 of [RSVP] for objects
that, if not understood, cause the entire RSVP nessage to be rejected
with an error code of "Unknown (bject Class". Such objects are
identified by a zero in the nmost significant bit of the class nunber
(i.e., dass-Num = Obbbbbbb).

I ANA assigned C ass-Nunmber 66 to the CLASSTYPE object. C Type 1 is
defined in this docunment for the CLASSTYPE obj ect.
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13.

13.

3.4. "Diffserv-aware TE Error" Error Code

[ RSVP] defines the Error Code name space and rul es for nmanagement of
this nane space by 1ANA. Currently allocated Error Codes are listed
at http://ww.iana. org/assi gnment s/ rsvp- par anet ers.

Thi s docunent defines in Section 6.5 a new RSVP Error Code, the
"Diffserv-aware TE Error". In accordance with the | ANA

consi derations provided in [ RSVP], Error Code 28 was assigned by | ANA
to the "Diffserv-aware TE Error".

3. 5. Error Values for "Diffserv-aware TE Error"

An Error Code is an 8-bit quantity defined in [RSVP] that appears in
an ERROR SPEC object to define an error condition broadly. Wth each
Error Code there may be a 16-bit Error Val ue (which depends on the
Error Code) that further specifies the cause of the error.

Thi s docunent defines in Section 6.5 a new RSVP error code, the
"Diffserv-aware TE Error" (see Section 13.3.4). The Error Val ues for
the "Diffserv-aware TE Error" constitute a new nanme space to be
managed by | ANA.

Thi s docunent defines, in Section 6.5, the followi ng Error Values for
the "Diffserv-aware TE Error":

Val ue Error

1 Unexpect ed CLASSTYPE obj ect

2 Unsupported C ass- Type

3 Invalid C ass-Type val ue

4 Cl ass-Type and setup priority do not forma configured
TE-d ass

5 Cl ass-Type and holding priority do not forma configured
TE-Cl ass

6 Cl ass-Type and setup priority do not forma configured
TE-d ass AND O ass- Type and holding priority do not
forma configured TE-d ass

7 I nconsi stency between signal ed PSC and si gnal ed
Cl ass- Type

8 I nconsi stency between signal ed PHBs and si gnal ed
Cl ass- Type

See Section 13.2 for allocation of other values in that name space.
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Appendi x A: Prediction for Miultiple Path Conputation

There are situations where a head-end needs to compute paths for
multiple LSPs over a short period of time. There are potentia
advantages for the head-end in trying to predict the inpact of the
n-th LSP on the unreserved bandw dth when conputing the path for the
(n+1)-th LSP, before receiving updated I1GP information. For exanple,
better |oad-distribution of the multiple LSPs woul d be performed
across multiple paths. Al so, when the (n+l)-th LSP woul d no | onger
fit on alink after establishnent of the n-th LSP, the head-end woul d
avoi d Connection Adm ssion Control (CAC) rejection. Although there
are a nunber of conceivable scenarios where worse situations m ght
result, doing such predictions is nore likely to inprove situations.
As a matter of fact, a number of network adm nistrators have el ected
to use such predictions when depl oying existing TE

Such predictions are local matters, are optional, and are outside the
scope of this specification

Where such predictions are not used, the optional BC sub-TLV and the
opti onal Maxi mum Reservabl e Bandwi dt h sub- TLV need not be adverti sed
in |G for the purpose of path conputation, since the information
contained in the Unreserved Bw sub-TLV is all that is required by
Head- Ends to perform Constraint-Based Routing.

Where such predictions are used on head-ends, the optional BCs sub-
TLV and the optional Maxi num Reservabl e Bandw dth sub-TLV MAY be
advertised in IGP. This is in order for the head-ends to predict as
accurately as possible how an LSP affects unreserved bandw dth val ues
for subsequent LSPs.

Renenbering that actual adm ssion control algorithns are left for
vendor differentiation, we observe that predictions can only be
performed effectively when the head-end LSR predictions are based on
the sane (or a very close) adm ssion control algorithmas that used
by other LSRs.

Appendi x B: Sol ution Eval uation

B.1. Satisfying Detailed Requirenents

This DS-TE Sol ution addresses all the scenarios presented in
[ DSTE- REQ .

It also satisfies all the detailed requirenents presented in
[ DSTE- REQ) .
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The objective set out in the |last paragraph of Section 4.7 of

[ DSTE- REQ, "Overbooking", is only partially addressed by this DS-TE
solution. Through support of the "LSP size Overbooking" and "Link

Si ze Overbooki ng" methods, this DS-TE solution effectively allows CTs
to have different overbooking ratios and sinultaneously all ows
overbooking to be tweaked differently (collectively across all CTs)
on different links. But, in a general sense, it does not allowthe
ef fecti ve overbooking ratio of every CT to be tweaked differently in
different parts of the network independently of other CTs, while

mai nt ai ni ng accurate bandw dth accounting of how different CTs
mutual |y affect each other through shared BCs (such as the Maxi mum
Reservabl e Bandwi dt h).

B.2. Flexibility

This DS-TE solution supports 8 CTs. It is entirely flexible as to
how Traffic Trunks are grouped together into a CT

B.3. Extendibility

A maxi mum of 8 CTs is considered nore than confortable by the authors
of this docunment. A maxi num of 8 TE-C asses is considered sufficient
by the authors of this docunment. However, this solution could be
extended to support nmore CTs or nore TE-Cl asses if deenmed necessary
in the future; this would necessitate additional |GP extensions
beyond those specified in this docunent.

Al t hough the prine objective of this solution is support of

D ffserv-aware Traffic Engineering, its nmechanisns are not tightly
coupled with Diffserv. This makes the solution anmenable, or nore
easily extendabl e, for support of potential other future Traffic
Engi neering applications.

B.4. Scalability

This DS-TE solution is expected to have a very snall scalability
i mpact conpared to that of existing TE

From an |1 GP viewpoi nt, the ampbunt of mandatory information to be
advertised is identical to that of existing TE. One additional sub-
TLV has been specified, but its use is optional, and it only contains
alimted amount of static information (at nost 8 BCs).

We expect no noticeable inmpact on LSP Pat h conputation because, as
with existing TE, this solution only requires Constrained Shortest
Path First (CSPF) to consider a single unreserved bandw dth val ue for
any given LSP
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From a signaling viewpoint, we expect no significant inpact due to
this solution because it only requires processing of one additiona
itemof information (the O ass-Type) and does not significantly
increase the likelihood of CACrejection. Note that DS-TE has sone
i nherent inpact on LSP signaling in that it assunes that different
classes of traffic are split over different LSPs so that nore LSPs
need to be signaled. However, this is due to the DS-TE concept
itself and not to the actual DS-TE solution discussed here.

B.5. Backward Conpatibility/Mgration

This solution is expected to allow smooth migration fromexisting TE
to DS-TE. This is because existing TE can be supported as a
particul ar configuration of DS-TE. This neans that an "upgraded" LSR
with a DS-TE i npl enentation can directly interwork with an "ol d* LSR
supporting existing TE only.

This solution is expected to all ow snmooth migration when the nunber
of CTs actually deployed is increased, as it only requires
configuration changes. However, these changes need to be perfornmed
in a coordinated manner across the DS-TE domai n.

Appendi x C. Interoperability with Non-DS-TE Capabl e LSRs

Thi s DSTE solution allows operations in a hybrid network where some
LSRs are DS-TE capabl e and sone are not, as may occur during

m gration phases. This appendi x di scusses the constraints and
operations in such hybrid networks.

We refer to the set of DS-TE-capable LSRs as the DS-TE domain. W
refer to the set of non-DS-TE-capable (but TE-capable) LSRs as the
TE- domai n.

Hybrid operations require that the TE-C ass mapping in the DS-TE
domai n be configured so that:

- a TE-Class exists for CTO for every preenption priority
actually used in the TE domain, and

- the index in the TE-class mapping for each of these TE-
Classes is equal to the preenption priority.
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For exanple, imagine the TE domai n uses preenption 2 and 3. Then,
DS- TE can be deployed in the sane network by including the foll ow ng
TE-d asses in the TE-d ass nappi ng:

i <---> CcT preenption
2 CT0 2
3 CT0 3

Another way to look at this is to say that although the whole TE-

cl ass mappi ng does not have to be consistent with the TE donain, the
subset of this TE-O ass mappi ng applicable to CTO effectively has to
be consistent with the TE donai n.

Hybrid operations also require that:

- non-DS- TE- capabl e LSRs be configured to advertise the Maxi mum
Reservabl e Bandwi dt h, and

- DS-TE-capabl e LSRs be configured to advertise BCs (using the
Max Reservabl e Bandwi dth sub-TLV as well as the BCs sub-TLV,
as specified in Section 5.1).

This all ows DS-TE-capable LSRs to identify non-DS-TE-capabl e LSRs
unanbi guousl y.

Finally, hybrid operations require that non-DS-TE-capabl e LSRs be
abl e to accept Unreserved Bw sub-TLVs contai ni ng non decreasi ng
bandwi dth values (i.e., with Unreserved [p] < Unreserved [gq] with p <

Q) .
In such hybrid networks, the foll ow ng apply:

- CTO0 LSPs can be established by both DS-TE-capabl e LSRs and
non- DS- TE- capabl e LSRs.

- CTO0 LSPs can transit via (or termnate at) both DS-TE-capabl e
LSRs and non- DS- TE- capabl e LSRs.

- LSPs fromother CTs can only be established by DS-TE-capable
LSRs.

- LSPs fromother CTs can only transit via (or term nate at)
DS- TE- capabl e LSRs.
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Let us consider the follow ng exanple to illustrate operations:
LSRO-------- LSR1---------- LSR2
Li nk0O1 Li nk12
wher e:

LSRO i s a non-DS- TE-capabl e LSR
LSR1 and LSR2 are DS- TE-capabl e LSRs

Let’s assune again that preenptions 2 and 3 are used in the TE-domain
and that the follow ng TE-C ass mapping is configured on LSR1 and
LSR2:

i <---> Cct preenpti on
0 CT1 0

1 Cr1 1

2 CTO 2

3 CTO 3

rest unused

LSRO is configured with a Max Reservabl e Bandwi dth = nmD1 for LinkOLl.
LSR1 is configured with a BCO = x0, a BCl = x1 (possibly = 0), and a
Max Reservabl e Bandwi dth = mlO (possibly = n0l1) for LinkO1l.

In GP for LinkO1l, LSRO will adverti se:
- Max Reservabl e Bw sub-TLV = <nD1>

- Unreserved Bw sub-TLV = <CT0/0, CT0/1, CTO0/2, CT0/3, CTO/A4,
Cro/ 5, CT0/6, CTO/7>

On receipt of such advertisenent, LSRL will:

- understand that LSRO is not DS-TE-capabl e because it
adverti sed a Max Reservabl e Bw sub-TLV and no Bandwi dt h
Constraints sub-TLV, and

- conclude that only CTO LSPs can transit via LSRO and that
only the values CT0/2 and CTO/3 are meaningful in the
Unreserved Bw sub-TLV. LSR1 may effectively behave as if the
si x other values contained in the Unreserved Bw sub-TLV were
set to zero.
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Li nkO1, LSR1 will adverti se:

- Max Reservabl e Bw sub-TLV = <ml0>

- Bandwi dth Constraints sub-TLV = <BC Model ID, x0, x1>

- Unreserved Bw sub-TLV =
<CT1/0, CT1/1, CT10/2, CTO/3, O, 0O, 0O, O>

On receipt of such advertisenent, LSRO will:

- ignore the Bandwi dth Constraints sub-TLV (unrecogni zed)

- correctly process CI0/2 and CT0/3 in the Unreserved Bw sub-
TLV and use these values for CTO LSP establishnent

- incorrectly believe that the other values contained in the
Unreserved Bw sub-TLV relate to other preenption priorities

for

CTO0; but it will actually never use those since we assune

that only preenptions 2 and 3 are used in the TE domai n.
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